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(54) MOS-gated device fiaving a buried gate and process for forming same 



(57) An improved trench l\/IOS-gated device com- 
prises a monocrystalline semiconductor substrate on 
which is disposed a doped upper layer. The upper layer 
includes at an upper surface a plurality of heavily doped 
body regions having a first polarity and overlying a drain 
region. The upper layer further includes at its upper sur- 
face a plurality of heavily doped source regions having a 
second polarity opposite that of the body regions A gate 
trench extends from the upper surface of the upper layer 
to the drain region and separates one source region 
from another. The trench has a floor and sidewalls coni- 
prising a layer of dielectric material and contains a con- 



ductive gate material filled to a selected level and an 
isolation layer of dielectric material that overiies the gate 
material and substantially fills the trench. The upper 
surface of the overiying layer of dielectric material in the 
trench is thus substantially coplanar with the upper sur- 
face of the upper layer. A process for forming an 
improved MOS-gate device provides a device whose 
gate trench is filled to a selected level with a conductive 
gate material, over which is formed an isolation dielec- 
tric layer whose upper surface is substantially coplanar 
with the upper surface of the upper layer of the device. 
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Description 

[0001] The present invention relates to semioon- 
ductor devices and, more particularly, to an l^iOS-gated 
device and a process for forming same. 
[0002] An IVIOS transistor that includes a trench 
gate structure offers important advantages over a pla- 
nar transistor for high current, tow voltage switching 
applications. In the latter configuration, constriction 
occurs at high current flows, an effect that places sub- 
stantial constraints on the design of a transistor 
intended for operation under such conditions. 
[0003] A trench gate of a DMOS device typically 
Includes a trench extending from the source to the drain 
and having sidewails and a floor that are each lined with 
a layer of thermally grown silicon dioxide. The lined 
trench is filled with doped polysilicon. The structure of 
the trench gate allows less constricted current flow and. 
consequently, provides lower values of specific on- 
resistance. Furthermore, the trench gate makes possi- 
ble a decreased cell pitch in an MOS channel extending 
along the vertical sidewails of the trench from the bot- 
tom of the source across the body of the transistor to the 
drain below. Channel density is thereby increased, 
which reduces the contribution of the channel to on- 
resistance. The structure and performance of trench 
DMOS transistors are discussed in Bulucea and Ros- 
sen, "Trench DMOS Transistor Technology for High-Cur- 
rent (100 A Range) Switching," in Solid-State 
Electronics. 1 991 , Vol. 34, No. 5. pp 493-507, the disclo- 
sure of which is incorporated herein by reference. In 
addition to their utility in DMOS devices, trench gates 
are also advantageously employed in insulated gate 
bipolar transistors (IGBTs), MOS-controlled thyristors 
(MCTs), and other MOS-gated devices. 
[0004] FIG. 1 schematically depicts the cross-sec- 
tion of a trench MOS gate device 100 of the prior art. 
Although FIG. 1 shows only one MOSFET, a typical 
device currently employed in the industry consists of an 
array of MOSFETs an^nged in various cellular or stripe 
layouts. 

[0005] Device 100 includes a doped (depicted as 
N-*-) substrate 101 on which is grown a doped epitaxial 
layer 102. Epitaxial layer 102 includes drain region 103, 
heavily doped (P+) body regions 104, and P-wells 105. 
Abutting body regions in epitaxial layer 103 are heavily 
doped (N+) source regions 106. which are separated 
from each other by a gate trench107 that has dielectric 
sidewails 108 and floor 109. Gate trench 107 is sub- 
stantially filled with gate semiconductor material 110. 
Because the source regions 106 and gate semiconduc- 
tor material 110 have to be electrically isolated for 
device 100 to function, they are covered by a dielectric 
layer 111. Contact openings 112 enable metal 113 to 
contact body regions 104 and source regions 106. 
[0006] Contact openings 1 12 are formed in dielec- 
tric layer 111, which typically Is a deposited layer of 
oxide, by conventional mask/etch techniques. The size 



of device 100 depends on the minimum thickness of die- 
lectric needed for isolation (the lateral distance between 
a source region 1 06 and gate trench 1 07) and on the tol- 
erance capabilities of the mask/etch procedures. The 

5 thickness of dielectric layer 1 1 1 is determined not only 
by the minimum required voltage isolation but also on 
the need to minimize source-to-gate capacitance, which 
affiects device switching speed and switching losses. 
Switching losses are directly proportional to the capaci- 

70 tance, which Is in turn inversely proportional to the die- 
lectric thickness. Therefore there is a typical minimum 
thickness of about 0.5-0.8 ^m for dielectric layer 1 1 1 in 
prior art device 100. 

[0007] As just noted, the required minimum thick- 
15 ness of dielectric layer 111 imposes limitations on the 
minimum size of device 100. It would be desirable to be 
able to reduce the size and improve the efficiency of 
semiconductor devices. The present invention provides 
these benefits. 

20 [0008] The present invention includes a trench 
MOS-gated device comprising a substrate comprising 
doped monocrystalline semiconductor material, a 
doped upper layer disposed on said substrate, said 
upper layer having an upper surface and comprising at 

25 said upper surface a plurality of heavily doped body 
regions having a first polarity, said body regions overiy- 
ing a drain region in said upper layer, said upper layer 
further comprising at said upper surface a plurality of 
heavily doped source regions having a second polarity 

30 and extending from said upper surface to a selected 
depth in said upper layer, a gate trench separating one 
of said source regions from a second source region, 
said trench extending from said upper surface of said 
upper layer to said drain region, said trench having a 

35 floor and sidewails comprising a layer of dielectric mate- 
rial, said trench being filled with a conductive gate mate- 
rial to a selected level substantially below the upper 
surface of the upper layer and with an isolation layer of 
dielectric material overiying said gate material, said 

40 overiying layer of dielectric material in said trench hav- 
ing an upper surface that is substantially coplanar with 
said upper surface of said upper layer, in which the sub- 
strate comprises monocrystalline silicon, and upper 
layer comprises an epitaxial layer. 

45 [0009] The invention also includes a process for 
forming a trench MOS-gated device, said process com- 
prising: 

(a) forming a doped upper layer on a semiconductor 
so substrate, said upper layer having an upper surface 

and an undertying drain region; 

(b) forming a well region having a first polarity in 
said upper layer, said well region overiying said 
drain region; 

55 (c) forming a gate trench mask on said upper sur- 
foce of said upper layer; 

(d) forming a plurality of gate trenches extending 
from the upper surface of said upper layer through 
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said well region to said drain region; 

(e) forming sidewalls and floor each comprising a 
dielectric material In each of said gate trenches; 

(f) filling each of said gate trenches to a selected 
level substantially below the upper surfece of said 
upper level with a conductive gate material; 

(g) removing said trench mask from the upper sur- 
face of said upper layer; 

(h) forming an isolation layer of dielectric material 
on the upper surtece of said upper layer and within 
said gate trench, said isolation layer overiying said 
gate material and substantially filling said trench; 

(i) removing said dielectric layer from the upper sur- 
face of said upper layer, said dielectric layer remain- 
ing within and substantially filling said trench having 
an upper surface that is substantially coplanar with 
the upper surface of said upper layer; 

(j) forming a plurality of heavily doped source 
regions having a second polarity In said body 
regions, said source regions extending to a 
selected depth from the upper surface of said upper 
layer; 

(k) forming a plurality of heavily doped body regions 
having a first polarity at the upper surface of said 
upper layer, said body regions overlying the drain 
region in said upper layer; and 
(I) forming a metal contact to said body and source 
regions over the upper sur^ce of said upper layer, 
(m) said substrate preferably comprises monocrys- 
talllne silicon, and said upper layer comprises an 
epitaxial layer. 

[0010] Conveniently, the present invention is 
directed to a trench MOS-gated device formed on a 
monocrystalline semiconductor substrate comprising a 
doped upper layer. The doped upper layer, includes at 
an upper surface a plurality of heavily doped body 
regions having a first polarity and overlying a well region 
and a drain region. The upper layer further includes at 
its upper suriace a plurality of heavily doped source 
regions that have a second polarity opposite that of the 
body regions and extend to a selected depth in the 
upper layer. 

[0011] A gate trench extends from the upper sur- 
face of the upper layer through the well region to the 
drain region and separates one source region from a 
second source region. The trench has a floor and side- 
walls comprising a layer of dielectric material and con- 
tains a conductive gate material filling the trench to a 
selected level and an isolation layer of dielectric mate- 
rial that overiies the gate material and substantially fills 
the trench. The upper surface of the overiying layer of 
dielectric material in the trench is thus substantially 
coplanar with the upper surface of the upper layer. 
[0012] Advantageously, a process for forming a 
high density, self-aligned trench MOS-gated device. A 
doped upper layer having an upper surface and an 
underiying drain region is formed on a substrate, and a 



well region having a first polarity is formed in the upper 
layer over the drain region. A gate trench mask is 
formed on the upper surfece of the upper layer, and a 
plurality of gate trenches extending from the upper sur- 
5 face through the well region to the drain region are 
etched in the upper layer. 

[0013] Sidewalls and a floor each comprising a die- 
lectric material are formed in each of the gate trenches, 
which are filled to a selected level with a conductive 

10 gate material. The trench mask is removed, and an iso- 
lation layer of dielectric material is formed on the top 
surface of the upper layer and within the gate trench, 
where it overiies the gate material and substantially fills 
the trench. The dielectric layer is removed from the top 

15 surface of the upper layer; the dielectric layer remaining 
within the trench has an upper surface that is substan- 
tially coplanar with the upper surface of the upper layer. 
[0014] A plurality of heavily doped body regions 
having a first polarity are formed at the upper surface of 

20 the upper layer. A source mask is fomried on the upper 
surface, and a plurality of heavily doped source regions 
having a second polarity and extending to a selected 
depth into the upper layer are formed in the body 
regions. Following removal of the source mask, a metal 

25 contact to said body and source regions is formed over 
the upper surface of the upper layer. 
[0015] The invention will now be described, by way 
of example, with reference to the accompanying draw- 
ings in which: 

30 

FIG. 1 schematically depicts a cross-section of a 
trench MOS-gated device 100 of the prior art. 
FIG. 2 is a schematic cross-sectional representa- 
tion of a trench MOS-gated device 200 of the 
35 present Invention; FIGS. 2A-D illustrate the process 
of fbmriing device 200. 

FIGS. 3A and 3B schematically depict cross-sec- 
tions of another device 300 in acconjance with the 
present invention; FIG. 3C is a schematic plan view 
40 of device 300. 

[0016] The trench MOS-gated device, by eliminat- 
ing the surface area required for gate-source dielectric 
isolation, enables the size of the device to be substan- 
45 tially reduced. A masking procedure to form contact 
openings in the dielectric layer is also avoided; the gate 
trench Is thus self-aligned. 

[0017] FIG. 2 depicts an improved trench MOS- 
gated device 200. The device 200 includes a doped N+ 

50 substrate 201 on which is deposited an epitaxial doped 
upper layer 202. Epitaxial layer 202 includes drain 
region 203, heavily doped P+ body regions 204. and P- 
wetl regions 205. Abutting body regions 204 in epitaxial 
layer 203 are heavily doped N-i- source regions 206, 

55 which are separated from each other by a gate trench 
207 that has dielectric sidewalls 208 and floor 209. Con- 
tained within trench 207 Is a gate material 210, filled to 
a selected level 211, and an overiying dielectric layer 
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212. Selected level 211 of gate material 210 is approxi- 
mately cx)planar with the selected depth 216 of N-*- 
source regions 206. thereby providing overlap between 
source regions 206 and gate material 210. The surface 
213 of gate dielectric layer 212 is substantially coplanar 
with the surface 214 of epitaxial layer 202. Deposited 
metal layer 215 is able to contact body regions 204 and 
source regions 206 without the need for a masking pro- 
cedure to form contact openings. 
[0018] Because gate material 210 is recessed 
within gate trench 207 to permit the inclusion of dielec- 
tric layer 212 of sufficient thickness to provide gate iso- 
lation, diffusions to form N+ source regions 206 must be 
deep enough to ensure overiap with gate material 210. 
Although source regions 206 are shown as having N 
polarity and body regions 204 are depicted as having P 
polarity in device 200. it is understood that the polarities 
of these regions can be reversed from those shown in 
FIG. 2, 

[001 9] FIGS. 2A-D schematically Illustrate the proc- 
ess of forming device 200. As shown in FIG. 2A, on a 
doped semiconductor substrate 201, which can be 
monocrystalline silicon, is formed a doped upper layer 
202 that includes a drain region 203. Upper layer 202 
can be epitaxially grown silicon or, for lower voltage 
devices (ca 12V), a heavily doped portion of substrate 

201 . P well regions 205 are formed in layer 202 by dop- 
ing into upper layer surfiace 214, A trench mask TM pat- 
terned to define a gate trench is formed on surface 214, 
and gate trench 207 extending through P-well regions 

205 to drain region 203 is etched in layer 202. Trench 
dielectric sidewalls 208 and floor 209, preferably com- 
prising silicon dioxide, which can be either deposited or 
grown, are formed in gate trench 207, which is then 
filled with a conductive gate material 210. which can be. 
for sample, a metal, a silicide or doped polysilicon. to a 
selected depth 211. 

[0020] Refening to FIG. 2B, following removal of 
trench mask TM, filling of trench 207 is completed by 
forming an isolation dielectric layer 212, which can be 
silicon dioxide, over gate material 210 in trench 20 and 
on surface 214. A pianarization dielectric etch is per- 
formed to re-expose surfiace 214 without removing die- 
lectric material 212 from trench 207. Surface 213 of 
dielectric layer 212 in trench 207 Is thereby rendered 
substantially coplanar with upper surfiace 214 of layer 

202. It may be advantageous, however, to etch surface 
213 slightly below surface 214 in order to increase 
source contact and improve device on-resistance char- 
acteristics. 

[0021] Also as shown in FIG. 28. N-i- source regions 

206 are formed in layer 202 by ion implantation and dif- 
fusion to a selected depth 216 that is approximately 
coplanar with selected level 211 of dielectric material 
210 and thereby provides overiap between gate mate- 
rial 210 and source regions 206. 

[0022] Refom'ng to FIG. 2C, a body mask M is 
formed on surface 214, and P+ body regions 204 are 
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fonned by further doping of layer 202. Removal of the 
body mask M, followed by deposition of metal 215 to 
provide contact with body regions 204 and source 
regions 206, completes the formation of device 200, as 

5 shown in FIG. 2D. Metal (not shown) can be deposited 
on the reverse side of the substrate to provide contact 
with drain region 203. Although in the just described 
fabrication sequence, the formation of source regions 
206 preceded the formation of body regions 204, it Is 

io recognized that this ordering is not critical and that the 
described masking procedure can be varied for the pur- 
pose of convenience. 

[0023] Gate trenches 207 included in a device of 
the present invention may have an open-cell stripe 

15 topology or a closed-cell cellular topology Furthermore, 
in the closed- cell cellular topology, the trenches may 
have a square or. more preferably, a hexagonal configu- 
ration. Although device 200, as schematically depicted 
in FIG. 2, is a power MOSFET, the present invention is 

20 applicable to the construction of other MOS-gated 
devices such as an insulated gate bipolar transistor 
(IGBT), an MOS-controlled thyristor (MCT), and an 
accumulation field effect transistor (ACCUFET). 
[0024] FIGS. 3A-C depict an alternative embodi- 

25 ment of the present invention. Device 300 includes a 
doped N+ substrate 301 , on which is disposed a doped 
upper layer 302. Upper layer 302 includes drain region 

303 and P-wells 305. As shown in FIG. 3A, P+ body 
regions 304 are formed in layer 302 and separated from 

30 each other by a gate trench 307. Similarfy, as depicted 
in FIG. 3B, N-*- source regions 306, formed by ion 
implantation and diffusion to a selected depth 316 in 
upper layer 302, are also separated by gate trench 307. 
Gate trenches 307 each have dielectric sidewalls 308 

35 and a floor 309 and contain conductive gate material 
310, filled to a selected level 31 1 , and an overiying die- 
lectric layer 312. The surface 313 of gate dielectric layer 
312 is substantially coplanar with the surfiace 314 of 
upper layer 302. Metal layer 31 5 is deposited on surface 

40 314 to contact body regions 304 and source regions 
306. 

[0025] As shown in FIG. 3C, device 300 includes a 
plurality of arrays 317 of alternating P+ body regions 

304 and N+ source regions 306. Each array 317 is dis- 
45 posed adjacent to a gate trench 307 and separated from 

a second array 317 by the gate trench 307. Also, as 
depicted in FIG. 3C. source regions 306 comprise a 
greater portion, body regions 304 a lesser portion, of 
the lengthwise dimension of an array 317 disposed 
50 alongside a gate trench 307. 

[0026] In the formation of device 300. following the 
pianarization of dielectric layer 312 to re-expose surface 
314, P^* body regions are formed in upper layer 302 by 
doping. A non-critical source mask (not shown), dis- 
ss posed transversely to trenches 307, is formed on sur- 
face 314. and source regions 306 are formed by ion 
implantation and diffusion. The arrangement of body 
regions 304 and source regions 306 in arrays 317 sep- 
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arated by gate trenches 307, as depicted for device 300 
in FIGS. 3A-C, further exploits the advantage of device 
size reduction. 

[0027] An improved trench MOS-gated device com- 
prises a monocrystalline semiconductor substrate on 
which Is disposed a doped upper layer. The upper layer 
includes at an upper surface a plurality of heavily doped 
body regions having a first polarity and overlying a drain 
region. The upper layer further includes at its upper sur- 
face a plurality of heavily doped source regions having a 
second polarity opposite that of the body regions A gate 
trench extends from the upper surfoce of the upper layer 
to the drain region and separates one source region 
from another. The trench has a floor and sidewalls com- 
prising a layer of dielectric material and contains a con- 
ductive gate material filled to a selected level and an 
isolation layer of dielectric material that overlies the gate 
material and substantially fills the trench. The upper 
surface of the overlying layer of dielectric material in the 
trench is thus substantially coplanar with the upper sur- 
face of the upper layer. A process for forming an 
improved MOS-gate device provides a device whose 
gate trench is filled to a selected level with a conductive 
gate material, over which is formed an isolation dielec- 
tric layer whose upper sur^ce Is substantially coplanar 
with the upper surface of the upper layer of the device. 

Claims 

1 . A trench MOS-gated device comprising a substrate 
comprising doped monocrystalline semiconductor 
material, a doped upper layer disposed on said 
substrate, said upper layer having an upper surface 
and comprising at said upper surface a plurality of 
heavily doped body regions having a first polarity, 
said body regions overiying a drain region In said 
upper layer, said upper layer further comprising at 
said upper surface a plurality of heavily doped 
source regions having a second polarity and 
extending from said upper surface to a selected 
depth in said upper layer, a gate trench separating 
one of said source regions from a second source 
region, said trench extending from said upper sur- 
face of said upper layer to said drain region, said 
trench having a floor and sidewalls comprising a 
layer of dielectric material, said trench being filled 
with a conductive gate material to a selected level 
substantially below the upper surface of the upper 
layer and with an isolation layer of dielectric mate- 
rial overiying said gate material, said overiying layer 
of dielectric material in said trench having an upper 
surface that is substantially coplanar with said 
upper surfece of said upper layer, in which the sub- 
strate comprises monocrystalline silicon, and upper 
layer comprises an epitaxial layer 

2. A device as claimed in claim 1 wherein said upper 
layer comprises a well region having said first polar- 



ity, said well region underiying said body and 
source regions and overiying said drain region, and 
one of said source regions is disposed between 
and adjacent to one of said source regions and a 
5 gate trench, and prefereably one of said source 
regions is disposed between and adjacent to two 
gate trenches. 

3. A device as claimed in claim 1 wherein said plurality 
10 of body regions and said plurality of source regions 

comprise a plurality of arrays of alternating body 
regions and source regions each disposed adjacent 
to a gate trench, and wherein one of said anrays is 
separated from a second of said arrays by said gate 
15 trench, and each said array of alternating body 
regions and source regions have a lengthwise 
dimension along said gate trench, said source 
regions comprising a greater portion and said body 
regions comprising a lesser portion of said length- 
20 wise dimension. 

4. A device as claimed in claim 1 wherein the selected 
level of gate material In the trench is substantially 
coplanar with the selected depth of the source 

25 regions In the upper layer, In which said dielectric 
material forming said sidewalls, said floor, and said 
isolation layer in said gate trench comprises silicon 
dioxide. 

30 5. A device as claimed In claim 4 wherein said con- 
ductive gate material within said gate trench is 
selected from the group consisting of a metal, a sil- 
iclde, and doped polysilicon, and said first polariza- 
tion is P and said second polarization is N, or said 
35 first polarization is N and said second polarization 
is P. 

6. A device as claimed in claim 1 comprising a plural- 
ity of gate trenches having an open-cell stripe topol- 
40 ogy, or a plurality of gate trenches having a closed- 
cell cellular topology, and in which cells in said 
closed-cell cellular topology have a square configu- 
ration or a hexagonal configuration. 

45 7. A process for forming a trench MOS-gated device, 
said process comprising: 

(a) forming a doped upper layer on a semicon- 
ductor substrate, said upper layer having an 

50 upper surface and an underiying drain region; 

(b) forming a well region having a first polarity 
in said upper layer, said well region overlying 
said drain region; 

(c) forming a gate trench mask on said upper 
55 surface of said upper layer; 

(d) forming a plurality of gate trenches extend- 
ing firom the upper surface of said upper layer 
through said well region to said drain region; 
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(e) forming sidewalls and floor each comprising 
a dielectric material in each of said gate 
trenches; 

(f) filling each of said gate trenches to a 
selected level substantially below the upper 
sur^ce of said upper level with a conductive 
gate material; 

(g) removing said trench mask from the upper 
surface of said upper layer; 

(h) forming an isolation layer of dielectric mate- 
rial on the upper surface of said upper layer 
and within said gate trench, said isolation layer 
overiying said gate material and substantially 
filling said trench; 

(i) removing said dielectric layer from the upper 
surface of said upper layer, said dielectric layer 
remaining within and substantially filling said 
trench having an upper surfiace that is substan- 
tially coplanar with the upper suriiace of said 
upper layer; 

(j) forming a plurality of heavily doped source 
regions having a second polarity in said body 
regions, said source regions extending to a 
selected depth from the upper surface of said 
upper layer; 

(k) forming a plurality of heavily doped body 
regions having a first polarity at the upper sur- 
face of said upper layer, said body regions 
overiying the drain region in said upper layer; 
and 

(I) forming a metal contact to said body and 
source regions over the upper surface of said 
upper layer. 

(m) said substrate preferably comprises 
monocrystalline silicon, and said upper layer 
comprises an epitaxial layer. 



11. A process as claimed in claim 7 wherein the form- 
ing said source regions and said body regions com- 



5 implanting the entire upper surface of said sub- 

strate with a ions of said second polarity, then 
forming a body mask on the upper surface of 
said substrate, said mask comprising openings 
transverse to said trenches; 

10 doping the upper surface of said substrate with 

a dopant of said first polarity, then removing 
said body mask; said plurality of body regions 
and said plurality of source regions comprise a 
plurality of arrays of alternating body regions 

IS and source regions each disposed adjacent to 

a gate trench, and wherein one of said arrays is 
separated from a second of said arrays by said 
gate trench. 

20 12. A process as claimed in daim 1 1 wherein each said 
array of alternating body regions and source 
regions have a lengthwise dimension along said 
gate trench, said source regions comprising a 
greater portion and said body regions comprising a 

25 lesser portion of said lengthwise dimension. 

13. A process as claimed in claim 7 wherein said con- 
ductive gate material within said gate trench is 
selected from the group consisting of a metal, a sil- 

30 Icide, and doped polysilicon, the selected level of 
gate material in the trench is substantially coplanar 
with the selected depth of the source regions In the 
upper layer, in which said first polarization is P and 
said second polarization is N, or said first polariza- 

35 tion is N and said second polarization is R 



8. A process as claimed in claim 7 wherein said upper 
layer comprises a heavily doped portion of said 
substrate, with one of said source regions is dis- 
posed between and adjacent to one of said source 
regions and a gate trench. 

9. A process as claimed in claim 8 wherein one of said 
source regions Is disposed between and adjacent 
to two gate trenches, with said forming well region 
comprises doping said upper layer. 

10. A process as claimed In daim 9 wherein said form- 
ing heavily doped body regions comprises further 
doping said upper layer, and said forming heavily 
doped source regions comprises masked Ion 
implanting and diffusing, in which preferably said 
masked ion implanting and diffusing is to a selected 
depth in said doped layer that is substantially copla- 
nar with said filling level of said gate material in said 
gate trench. 
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